Abstract Does a programme of light exercise training after acute myocardial infarction produce the same improvement in treadmill performance as aerobic exercise training? Three hundred and eight men from a consecutive series of 479 men with transmural (Q wave) acute myocardial infarction, admitted to a single coronary care unit, were randomly allocated to eight weeks of group aerobic exercise training or group light exercise. Groups were well matched for all characteristics other than site of infarction, which did not significantly affect results. Mean (SD) physical working capacity (metabolic equivalents) determined by treadmill testing at the start of the study (in the third week after infarction) was 6-8 (2 2) v 6-7 (2 5) METs, at the end (in the eleventh week after infarction) 10-8 (2-3) v 9 9 (2 4) METs, and at 12 month review 108 (2-4) v 107 (1-9) METs for the exercise training group and the light exercise group respectively. The difference of 09 METs at the end of the study was the only significant difference between groups.
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Apart from a small temporarily greater physical working capacity, the physical benefits of aerobic exercise training were equally well achieved by group failure was graded by Killip class.'4 Gradings of radiographic heart failure and radiographic heart size were assessed by a portable chest radiograph." A medical history of previous ischaemia and previous infarction was noted; as was electrical reversion from ventricular fibrillation. We used the following exclusion criteria: death or cardiogenic shock in the coronary care unit; physical or psychological disability considered sufficient to impair participation in an exercise programme; residence at considerable distance from programme venues; inadequate command of English; anticipated non-compliance or expressed reluctance to participate; contamination, determined by expressed preference for one or other programme; and other reasons including early transfer to another hospital and administrative error.
At discharge from the coronary care unit, patients were randomly allocated to a programme of exercise training or light exercise rehabilitation. Hospital management of both groups of patients was identical. All patients had the same staff, advice, literature, and baseline evaluations. The randomisation procedure was based on the method of Peto et al by which the random allocation to treatment groups is balanced by even-numbered groups of subjects.'5 Patients were classified as having pulmonary oedema according to whether they had radiographic and/or clinical evidence of pulmonary oedema in the coronary care unit. Those with pulmonary oedema were randomly allocated as a separate group. Patients entered the trial if they had the entry exercise test and had attended one exercise class. All patients gave their informed consent to enrolment in an exercise programme and to participation in repeated exercise testing and reviews.
We analysed data by the SPSSx package. We used t tests or x2 tests, with Yates's correction as appropriate, to compare results in the two groups. Probability levels were rounded to three decimal places. For some comparisons of small numbers, we calculated Fisher's exact probability (one sided) to check the x2 value. All other probabilities quoted are two sided. The expected sample size of this trial (about 150 patients randomised to each programme) provides considerable power (95%) to detect a difference in mean physical performance as small as 1 MET in a two sided test at the 1% level of significance.
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Exercise classes began with 10 minutes of warm up activities-generally muscle stretching on rubber mats in a gymnastics room. The aerobic segment was based on walking and jogging in the major gymnasium (a basketball court). Exercise levels were prescribed on an individual basis and calculated from the symptom limited exercise test at entry. An additional exercise test was performed in the fourth week to define modification of the training heart rate. Patients performed 30 minutes of continuous aerobic exercise at a level of energy expenditure that maintained their heart rate at 75-85% of maximum. Pulse rates were checked every five minutes. A 15 minute cooling down phase consisted of more static stretching and light calisthenics. Patients were repeatedly advised of the need to attend sessions to achieve a training effect.
The light exercise programme was conducted in a single hospital room supervised by one or two physiotherapists, with a physician available if required. Most patients first attended in the second week (8-14 days) after myocardial infarction to watch the class. From the third week, patients attended two classes a week for eight weeks. Activities included calisthenics and exercises on a stationary bicycle, a set of steps, weights, and a rowing machine. Exercise was interrupted by periods of rest, thereby reducing a significant training effect. Patients were allowed to increase their pulse rate intermittently to no greater than 20 beats per minute above the resting level. They were advised of the desirability of attending classes until they felt they need no longer attend.
Patients in both groups were also asked to walk each day at a comfortable pace for at least 30 minutes. For those patients in whom pulmonary oedema developed in the coronary care unit, entry into both programmes was postponed for two weeks.
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Results
During the five year enrolment period, 479 men with transmural acute myocardial infarction who satisfied the trial admission criteria were admitted consecutively to the coronary care unit. One hundred and forty two patients were excluded. The figure shows the distribution of patients excluded, randomised, and withdrawn from the trial. Table 1 shows that death and cardiogenic shock in the coronary care unit were important reasons for exclusion (43 patients) and we noted that excluded patients were older; had higher coronary prognostic indices; a higher incidence of previous infarction; and a greater incidence of clinical cardiac failure, radiographic cardiac failure, and increased radiographic heart size.
Three hundred and thirty seven patients were randomised, 166 to exercise training and 171 to light exercise. Twenty nine consecutive patients randomised to light exercise were allocated to a group that did not have an entry exercise test so that any effect of the entry exercise test could be separately examined. The admission characteristics of these 29 patients, who are not included in the current analysis, were not different from the 142 who remained in the light exercise group. Of the 308 remaining patients, 34 were classified as having pulmonary oedema in the coronary care unit.
Fifty (30%) patients in the exercise training group and 48 (34%) in the light exercise group were withdrawn from the study (table 2) . Patients who were withdrawn at entry and exit were older (mean age) and had higher coronary prognostic indices, more clinical and radiographic evidence of heart failure, and previous ischaemia and previous infarction than did patients who completed their programmes. No events requiring admission to hospital occurred during treadmill tests or classes in either group.
There were 238 men (236 white) who completed their exercise programmes by attending for an exit treadmill test. One hundred patients (42%) held white collar jobs and 138 (58%) had blue collar ones. Fifty eight per cent (138) of the 238 patients were cigarette smokers up to the time of admission to hospital. There were no significant differences in these characteristics between the exercise groups. Table 3 shows the physical entry characteristics of the 238 patients. These characteristics were well matched on all criteria but one: more patients in exercise training had anterior infarction (p = 0 073). The admission characteristics of (24) 29 (25) 28 (23) 28 (25) 28 (24) (8) 10 (9) 11 (9) 5 (4) 13 (11) 8 (8) Other 30 (23) 18 (16) 30 (23) 26 (23) 30 (26) 19 (20) Results are expressed as number of patients (%). *There was a similar and significant (p < 0-014) increase in total 0 blocker treatment between entry and exit in both groups (24 v Between the entry and exit tests the physical working capacity (METs (SD)) increased significantly more with exercise training (4 0 (1 9)) than with light exercise (3-1 (2 0)) (p < 0 001).
Between the exit test and review test the physical working capacity in the 94 patients in light exercise was 0-6 (1-7) METs compared with -0 1 (1-6) METs in the 116 patients in exercise training (p = 0-007).
We performed subset analyses to assess whether different distributions of the infarct site influenced the observed difference in physical working capacity between the exercise training group and light exercise group during the exit test (table 7) . For both sites, the physical working capacity for the entry test was similar for patients in each programme. The exit test performances of both exercise training subsets were higher than those of the light exercise subsets with similar infarction sites.
Patients who had pulmonary oedema followed the same trends as did those without (table 7) .
Discussion
We compared the physical benefits of two programmes of different levels of exercise. The study was not designed to answer the question whether rehabilitation programmes based upon group exercise are more effective than usual medical care and an individual programme of exercise and walking at home. The main finding of the study was that though physical working capacity, assessed by treadmill performance, increased more in the exercise training group than in the light exercise group, the difference was small and only temporary. The difference was not accompanied by a significant mean intergroup difference in rate-pressure product.
The results of our study are likely to apply widely. The Austin Hospital serves both as a community hospital and as a major university teaching hospital. The pattern of patient admissions to the coronary care unit, either directly or through the emergency department, is similar to that in most major hospitals in Australia and elsewhere. Exclusions were only for defined physical, psychological, or geographical reasons. Death was the commonest reason for both exclusion and withdrawal; mortality (13% by one year) was similar to that reported in other investigations.2122 The number of randomised patients withdrawn at each stage was small. Death (9% and coronary artery bypass graft surgery (9%) were the main reasons for these withdrawals.
The two exercise protocols tested in this trial are representative of the protocols followed elsewhere. The exercise training programme was based on the recommendations of the 1979 American Heart Association report,"6 while the light exercise programme conformed to common exercise based rehabilitation programmes offered to cardiac patients in Australian hospitals.
The Groups were well matched except for the site of infarction. This, however, did not distort the overall results of the trial. The other possible source of bias, the withdrawal of patients for coronary bypass surgery, did not significantly affect the results either.
In the exercise training group, the mean increment in physical working capacity achieved after eight weeks was similar to the outcome of gymnasium training in the study of DeBusk et al, and this result was consistent with the similarities between our exercise training and their gymnasium training programmes. 3 The increment in mean physical working capacity after eight weeks in our light exercise group was greater than the spontaneous improvement during a similar period.326 It was similar to the improvement reported by DeBusk et al by a home exercise training programme3 but greater than that achieved by both home and group training in their subsequent study.26 Though our light exercise programme was designed to reassure patients about the safety of activity during convalescence rather than to achieve a training effect, and though most of the patients in this group attended fewer classes than those in the exercise training group, the programme of light exercise contributed to an increase in physical working capacity. Compliance with advice and encouragement to walk and exercise daily, with twice weekly group support in this aim, was likely to have led to progressive training of those muscle groups used during the tests on the treadmill.
In a smaller study, Blumenthal et al found no significant increase in maximal oxygen consumption during treadmill testing between groups enrolled in exercise training pro- Our study shows that, in the first weeks after myocardial infarction, there is a significant slowing of resting heart rate and a rise in systolic blood pressure towards preinfarction values. The achievable maximal heart rate and maximal systolic blood pressure also increase. In consequence, rate-pressure product increases significantly during the initial weeks after myocardial infarction. This increase was no larger in the exercise training group than in the light exercise group. It seems that differences in maximal oxygen uptake caused by aerobic exercise training arise largely from an effect on peripheral muscle groups used for walking, rather than from a central cardiopulmonary * effect. This conclusion is supported by other studies.2" Indeed, it would be unreasonable to expect a central cardiac or respiratory training effect from an eight week programme of three sessions per week in middle aged or elderly individuals.
Mobilisation and resumption of normal activities after a period of bed rest are known to be associated with rapid recovery of functional capacity."1 We showed that a low cost, low intensity group exercise programme was almost as effective in the short term and was as effective at one year as aerobic exercise training for the rehabilitation of patients after acute myocardial infarction.
